Seven hundred seventy-nine infants were screened at 4 months of age for motor and emotional reactivity. At age 9 months, infants who showed extreme patterns of motor and negative (n ϭ 75) or motor and positive (n ϭ 73) reactivity and an unselected control group (n ϭ 86) were administered the Laboratory Temperament Assessment Battery, and baseline electroencephalogram data were collected. Negatively reactive infants showed significantly more avoidance than positively reactive infants and displayed a pattern of right frontal electroencephalogram asymmetry. Positively reactive infants exhibited significantly more approach behavior than controls and exhibited a pattern of left frontal asymmetry. Results support the notion that approach-withdrawal bias underlies reactivity in infancy.
The term temperamental reactivity refers to individual differences in physiological and behavioral response to the environment that are thought to be constitutional in origin. Operational definitions of reactivity vary across the literature. Rothbart (2004) emphasized motor arousal, orienting, and emotionality. She and her colleagues posit a hierarchical structure to temperament that is grounded in general indices of emotionality and includes, among its broad factors, negative affectivity (i.e., fear, frustration, sadness, and discomfort) and extraversion or surgency (i.e., sensation seeking, positive anticipation, impulsivity, and activity level; Rothbart, Ahadi, Hershey, & Fisher, 2001) . Another approach to temperamental reactivity focuses not on general emotionality, but on underlying motivational systems that may guide infant behavior (Fox, 1991; Gray, 1982) . Specifically, approach-withdrawal tendencies may underlie reactivity in infancy. These tendencies may be represented by distinct neural profiles, including patterns of frontal electroencephalogram (EEG) asymmetry (Fox, 1991 (Fox, , 1994 Fox et al., 1995) . Rothbart (2004) has suggested that these divergent approaches to reactivity, an emotion-based versus a motivation-based approach, may be the result of discrepant terminology and not true disagreement regarding the construct itself. However, no study to date has examined the extent to which the broader emotion-based approach of Rothbart complements a motivational approach to understanding infant reactivity. This report is based on data derived from a new and ongoing longitudinal sample of children who were identified on the basis of extreme positive and negative reactivity to auditory and visual stimuli. We screened 779 infants at age 4 months in order to identify groups of infants who displayed patterns of positive and negative reactivity. At 9 months the selected infants and an unselected control group underwent episodes of the Laboratory Temperament Assessment Battery (Lab-TAB; Goldsmith & Rothbart, 1999) , which were later coded in terms of general emotionality, including fear, anger and joy; and indices of approach and avoidance. EEG was collected during a baseline state to measure frontal EEG asymmetry (FA).
Behavioral Reactivity
Kagan and his colleagues were the first to select infants on the basis of degree of motor and emotional reactivity in order to examine the temperament of behavioral inhibition. They showed that negatively reactive (NR) infants manifested fearfulness to unfamiliar events at 9 and 14 months and behavioral inhibition (García Coll, Kagan, & Reznick, 1984) at 21 months (Kagan & Snidman, 1991; Snidman, Kagan, Riordan, & Shannon, 1995) . Using a similar selection procedure, Fox and his colleagues identified a sample of NR infants and found that at age 4, 27% of these children were classified as behaviorally inhibited (Fox, Henderson, Rubin, Calkins, & Schmidt, 2001 ). Fox and colleagues (2001; Calkins, Fox, & Marshall, 1996) also selected a group of infants at 4 months of age who were motorically reactive and displayed positive affect in response to stimulation. These children were consistently low in fear and high in sociability throughout the first 4 years of life. As a group, the positively reactive (PR) infants showed greater continuity of their temperament, as 47% of PR infants remained continuously noninhibited and socially exuberant. Exuberance itself is not a maladaptive outcome, as parents likely reinforce displays of sociability and positive affect in their young children. Rothbart and Gunnar characterized approach-driven children as surgent (Ahadi, Rothbart, & Ye, 1993; Gunnar, Sebanc, Tout, Donzella, & van Dulmen, 2003) , and approach-related biases, when coupled with emotion dysregulation, may predispose children to negative outcomes of an externalizing nature (Calkins et al., 1996; Putnam & Stifter, 2005; .
Frontal EEG Asymmetry and Temperament Davidson (1995) first suggested that the pattern of FA might reflect an underlying motivation bias to respond to the environment in a particular hedonic manner. Resting left FA is associated with the propensity toward approach-related tendencies (Pizzagalli, Sherwood, Henriques, & Davidson, 2005) , while resting right FA is associated with withdrawal motivation (Sutton & Davidson, 1997) . This pattern of frontal EEG asymmetry is apparent in infancy. Infants who respond negatively to stimulation show a pattern of right FA (Buss et al., 2003; Calkins et al., 1996) . Importantly, continuity in temperament is strongest for children whose behavioral profile is accompanied by a corresponding profile of FA Henderson, Marshall, Fox, & Rubin, 2004 ).
Summary and Hypotheses
This is the first study to date that has included the Lab-TAB measure as a follow-up to earlier behavioral reactivity coding. The inclusion of this measure at 9 months allows for (a) the validation of the early reactivity paradigm as a method of identifying infants who continue to show approach or withdrawal bias and (b) an elucidation of the nature of the manifestation of approachwithdrawal behaviors, inasmuch as general emotional responding (fear, anger and joy) and approach-withdrawal conflict (approach, avoidance) are examined.
We hypothesized that relative to infants in the unselected control group, NR infants would manifest heightened fear responses and more avoidant behavior to fear-evoking stimuli in the laboratory and would show a pattern of right FA at 9 months. We also hypothesized that, relative to infants in the control group, PR infants would manifest high degrees of joy and approach during a pleasure-evoking paradigm and increased negative affect during an anger-evoking paradigm and a corresponding profile of left FA at age 9 months.
Method

Participants
Families identified via commercially available mailing lists were sent a letter about the project and were asked to complete a form and send it back to the laboratory. Interested mothers of developmentally healthy infants were scheduled for a laboratory visit between their infant's 15th and 17th weeks.
4-month selection. We screened 779 infants for degree of reactivity to visual and auditory stimuli at 4 months (see Calkins et al., 1996; Fox et al., 2001) . Infant behavior during the reactivity paradigm was subsequently coded as follows: A motor reactivity score was obtained by summing the frequencies of arm waves, arm wave bursts (several waves in rapid succession), leg kicks, leg kick bursts, back arches, and hyperextensions throughout the paradigm. A negative affect score was derived by summing the frequencies of fussing and crying, and a positive affect score was obtained by summing the frequencies of smiling and positive vocalizations.
The first 100 infants screened were used as a criterion group, that is, their negative, positive, and motor reactivity scores were used to set the selection criteria for all subsequent infants as follows: Infants who scored above the criterion group mean on both negative affect and motor arousal and below the mean on positive affect served as the NR group (n ϭ 75). Infants who scored above the criterion group mean on both positive affect and motor arousal and below the mean on negative affect served as the PR group (n ϭ 73). Eighty-six infants who did not meet the criteria for either temperament group served as the control sample.
Four reliable raters coded the 4-month reactivity paradigm, with pairs of coders achieving intraclass correlation coefficients ranging from .80 to .92. A multivariate analysis of variance comparing the three temperament groups on the three reactivity dimensions was significant ( p Ͻ .001). The NR group manifested significantly more negative affect than both the PR and control groups, F(2, 231) ϭ 75.08, p Ͻ .001; Tukey's honestly significant difference test (HSD) both ps Ͻ .001. The PR group displayed significantly more positive affect than the NR and the control groups, F(2, 231) ϭ 41.94, p Ͻ .001; Tukey's HSD both ps Ͻ .001. The control group showed significantly less motor activity than both the NR and PR groups, F(2, 231) ϭ 51.17, p Ͻ .001; Tukey's HSD both ps Ͻ .001.
9-Month Laboratory Visit
On the basis of 4-month temperament group status, we invited 278 infants to continue participation, and, of these, 234 participated at 9 months. There was no differential attrition based on temperament group. Infants who dropped out were not significantly different from those who remained in the study in terms of negative affect, positive affect, or motor activity.
Of the 234 infants who participated at 9 months, 152 (65.8%) were Caucasian, 31 were African American (13.4%), 14 were Hispanic (6.1%), 5 were Asian (2.2%), and the remaining 32 children were of other or mixed ethnicity. Eighty-four percent of the children (n ϭ 187) came from intact homes, and roughly half of the children (n ϭ 111) had siblings. Mothers averaged 32 years of age (SD ϭ 5.3), and fathers averaged 34 years (SD ϭ 6.1) at the time of the child's birth.
Observational Ratings of Infant Temperament
Laboratory Assessment Temperament Battery. Several episodes of the Lab-TAB (Goldsmith & Rothbart, 1999) were administered at age 9 months, including attractive toy behind barrier (n ϭ 182), masks (n ϭ 180), puppets (n ϭ 182), and unpredictable toy (n ϭ 166). All were carried out in accordance with Lab-TAB guidelines (see Hane, Fox, Polak-Toste, Ghera, Gunner, & Fox, 2006) . Termination due to infant protest was responsible for all of the missing Lab-TAB data. There were no significant group mean differences on 4-month reactivity scores between the infants who were missing Lab-TAB data and those who were not. The infants missing data were evenly distributed across the 4-month temperament groups. All raw Lab-TAB ratings were converted to z prior to composite derivation.
The puppet episode was used to assess the emotion of joy and the motivation of approach. A joy composite was created from the puppet episode by averaging the ratings on intensity of smiling (0 -2) and the presence of positive vocalization (0, 1), with higher scores reflecting more joy (M ϭ 0.00, SD ϭ 0.76). An approach composite was derived by summing the scores for intensity of approach (0 -3), intensity of positive motor activity (0 -2), and duration of attention to puppets (in seconds) and subtracting from this total the intensity of escape behavior (struggling to avoid the stimulus by attempting to crawl out of the highchair; 0 -3), with higher scores representing more behavioral approach relative to avoidance during the puppet paradigm (M ϭ -0.12, SD ϭ 1.95).
Two Lab-TAB paradigms were used to assess the emotion of fear and the motivation of avoidance, including masks and unpredictable toy. A fear composite was derived by averaging the ratings for intensity of vocal distress (0 -2), intensity of frowning (0 -2), and intensity of facial fear (0 -2) from the masks and unpredictable toy episodes, with higher scores reflecting more fear (M ϭ 0.00, SD ϭ 0.76). An avoidance score was obtained separately for masks and unpredictable toy by rating the intensity of escape (0 -3) and subtracting from it intensity of positive motor behavior (0 -2) and approach (0 -3) from the masks and unpredictable toy paradigms. The avoidance scores from masks and unpredictable toy were then averaged, such that a higher score indicates more behavioral avoidance relative to approach during fearevoking paradigms (M ϭ -0.02, SD ϭ 2.02).
The toy behind the barrier paradigm was chosen to assess the emotion of anger. An anger composite was derived by averaging the ratings of intensity of facial anger (0 -2), intensity of struggle (0 -2), and intensity of vocal distress (0 -2), with a higher score indicating more expressed anger (M ϭ -0.01, SD ϭ 0.63).
Prior to coding, interrater reliability was achieved by two independent observers who were blind to all other data in the study. Reliabilities were achieved separately for each of the scales entering into the all Lab-TAB composites. Kappas ranged from .86 to .99 (M ϭ .94) for approach; .66 to .83 and (M ϭ .74) for joy; .83 to .98 (M ϭ .89) for avoidance; .72 to .97 (M ϭ .91) for fear; and .80 to .94 (M ϭ .86) for anger.
Frontal EEG Asymmetry
During the 9-month laboratory visit, infants underwent EEG data collection during a baseline state. The procedure of EEG collection at 9 months has been described in detail elsewhere Marshall, Bar-Haim, & Fox, 2002) . In order to calculate the frontal and parietal asymmetry indices, natural log (ln) 6-to 9-Hz power data from the midfrontal and parietal regions (electrodes F3/F4 and P3/P4) were used. Asymmetry was computed as power in the right lead minus power in the left lead for homologous leads. Inasmuch as activation and power in the alpha band are reciprocally related (Davidson, 1988) , negative asymmetry index scores represent right EEG asymmetry (increased activation in the right frontal region), while positive index scores represent left EEG asymmetry (increased activation in the left frontal region).
Of the 219 infants whose parents consented their participation in the collection of physiological data, data from 121 (55%) infants are included in this report. Sixty-two infants had insufficient EEG data to be included in analysis (fewer than 29 discrete fourier transformation windows) due to excessive movement during data acquisition, and 27 infants had data that were unusable due to technical problems with certain electrodes. Data from the remaining 130 were inspected for outliers and infants who had frontal asymmetry scores that exceeded Ϯ3 SDs were not included in further analyses (n ϭ 9). Infants who were missing asymmetry data were compared to those who were not on all behavioral indices of temperament, including early reactivity and the Lab-TAB variables. There were no significant differences. 
Results
Preliminary Analyses
Four-Month Temperament Groups and Behaviors in the Lab-TAB
A multivariate analysis of variance was computed, examining group differences on observed joy, approach, fear, avoidance, and anger. A significant Wilks's lambda was yielded ( ϭ .86), F(10, 258) ϭ 2.11, p Ͻ .05. Univariate effects revealed that the groups differed in degree of avoidance, F(2, 156) ϭ 3.00, p ϭ .05, 2 ϭ .04, and approach, F(2, 164) ϭ 2.70, p ϭ .07, 2 ϭ .032. Post hoc comparisons using least squared differences (LSD) showed that the NR group was significantly more avoidant than the PR group and that the PR group was significantly less avoidant and higher in approach than the control group. A nonsignificant trend also implicated differences in the temperament groups on joy, F(2, 189) ϭ 2.65, p ϭ .07, 2 ϭ .04. Post hoc LSD comparisons revealed that the PR group manifested more joy than the control and NR infants ( ps Ͻ .05 for each comparison; see Table 2 ).
4-Month Temperament Groups and 9-Month Frontal EEG Asymmetry
In order to examine the degree to which the temperament groups differed on degree of frontal EEG asymmetry, we computed a univariate analysis of variance. The temperament groups showed 1 Comparison of the breakdown by gender within only the NR and PR groups shows a slight overrepresentation of girls in the NR group (46 vs. 29, respectively) and boys in the PR group (40 vs. 33, respectively), 2 (1, N ϭ 148) ϭ 3.87, p ϭ .05. differing patterns of FA at 9 months, F(2, 118) ϭ 3.58, p Ͻ .05, 2 ϭ .06. Post hoc LSD comparisons revealed that the NR group was significantly different from the PR group, with negative infants showing a pattern of right FA and positive infants showing a pattern of left FA (see Figure 1) . A similar analysis comparing the temperament groups on parietal EEG asymmetry was examined and was not significant, F(2, 116) Ͻ 1.00, ns, suggesting that the findings regarding EEG asymmetry between the temperament groups are specific to the frontal region.
Discussion
We sought to elucidate the nature of temperamental reactivity in infancy by following groups of infants who were selected at 4 months on the basis of positive and negative affective and motor reactivity. At age 9 months, baseline EEG data were collected and these infants were assessed using the Lab-TAB (Goldsmith & Rothbart, 1999) to examine differences in emotional expressivity and approach-avoidance behavior.
We found that NR infants selected at 4 months were significantly more likely to show a pattern of avoidance at 9 months in response to fear-evoking stimuli that was characterized by intensely struggling to escape the situation while manifesting low levels of interest in, or approach toward, the aversive targets. NR infants did not manifest significantly higher levels of overt fear, as evidenced by negative facial affect and vocal distress. This null finding may be due to the ambiguity in the source of infant distress signals during the fear-evoking paradigms (Oster, Hegley, & Nagel, 1992) , which may make the coding of fear more challenging than escape behavior. However, it is important to note that negative affect is not a central feature of either behavioral inhibition or social reticence. Instead, these two established sequelae of negative reactivity in infancy are characterized by hesitance to approach, or avoidance of, ominous stimuli and social situations. Hence, general measures of fear may not sufficiently capture approach-avoidant conflicts in infancy.
We hypothesized that infants who manifested a pattern of positive emotion reactivity in infancy would continue to display joy and approach during a playful encounter with an experimenter. This hypothesis was supported, and these findings offer the first evidence indicating that infants selected on the basis of positive emotion reactivity display a unique pattern of behavior that is typified by both joyfulness and approach tendencies when presented with social stimuli later in infancy. Hence, it appears that broader indices of positive emotionality and more specific approach behavior are relevant dimensions of positive reactivity.
In contrast to our hypothesis, PR infants did not manifest significantly more anger than the other temperament groups. Previous research has found approach-driven children to be at risk for problems of an externalizing nature (Calkins et al., 1996; Donzella, Gunnar, Krueger, & Alwin, 2000; Putnam & Stifter, 2005) . The factors that place approach-driven infants at risk for the development of externalizing problems may not be apparent at 9 months. This finding is consistent with the report of Calkins et al. (1996) , which showed no relation between positive reactivity at 4 months and maternal report of distress to limits at 9 months. Derryberry and Rothbart (2001) suggested that approach tendencies in infancy contribute to the development of negative emotionality later in childhood, as the demand for voluntary self-control increases, and our findings support this notion.
Our hypothesis regarding FA was supported. The asymmetry findings, and the weak association between observed approach and avoidance (see Table 1 ), support our view that approach and withdrawal behavior represent separate dimensions of reactivity and that bias on either dimension is represented by a distinct neurological profile (Calkins et al., 1996; Fox, 1991 Fox, , 1994 Fox et al., 2001) , with withdrawal-prone infants showing a pattern of right FA and approach-driven infants showing left FA. Davidson (2000 Davidson ( , 2004 has suggested that these asymmetries may partly reflect activation of specific areas of prefrontal cortex as they modulate or inhibit the activity of subcortical sites such as the amygdala, the limbic structure responsible for detecting and responding to novelty with fight or flight reactions. Observed approach and avoidance did not correlate significantly with FA, which may be a function of low statistical power or the fact that FA was not obtained during the fearinducing tasks themselves. Buss et al. (2003) found that right FA was associated with withdrawal behaviors only when EEG was recorded in-vivo during a stranger approach. Also, FA has been shown to indirectly predict social outcomes for these two temperament styles beyond infancy (e.g., Fox et al., 2001 ). Our future research will examine the role of FA as a mediator in the relations between early reactivity and later outcomes, including inhibition, exuberance, and social competence.
Limitations
Behavioral measures such as the Lab-TAB are not without limitation and although the Lab-TAB paradigms are designed to elicit targeted emotions, it cannot be determined with any certainty that infant responses are a direct function of the Lab-TAB stimuli. For example, infants may have manifested negative affect that was not anger in response to limits but distress due instead to carryover effects from other Lab-TAB paradigms or to the broader testing situation, including restricted access to mother. This is supported by the positive association between the fear and anger variables. Additionally, although statistically significant, the effect sizes in the relations between early reactivity and the Lab-TAB and FA measures are quite modest, indicating that there are likely other contributors to the development of approach-withdrawal bias in infancy that have not been addressed in this article.
Summary and Conclusions
The findings reported here indicate that continuity of approach bias includes continued manifestation of approach behaviors and the expression of positive affect but not anger. Withdrawal bias at 9 months was expressed in terms of avoidance and not the expression of fear. It has been suggested that the field of temperament is in need of a unified language, so that apparently discrepant, but conceptually similar constructs, do not give rise to a debate that does not in fact exist (Rothbart, 2004) . Findings of this report suggest that approach-withdrawal behavior is an important dimension of reactivity and that reliance on behavioral measures of general emotionality (i.e., fear and anger) may not successfully index the continued manifestation of approach or withdrawal tendencies from early to midinfancy.
